Objective In this randomized clinical trial, we have compared the Shudh TM colon cleanse (SCC) with Half-Lytely Ò colon prep (HCP) to evaluate the efficacy, bowel preparation time (BPT), adverse events, electrolyte abnormalities and patient acceptability. Methods Patients were randomized to receive either SCC (n = 65) or HCP (n = 68). All colonoscopies were performed by a single, blinded endoscopist. Colon prep was evaluated on a 5 point grading scale. Statistical non-inferiority was predefined as a difference of \15 % in the lower limit of the 95.5 % confidence interval for the treatment difference. Data that were collected include bowel prep score, BPT, adverse events, electrolyte abnormalities and patient acceptability. Results Bowel preparation efficacy was rated as ''successful'' for 59/65 (90.7 %) in SCC versus 66/68 (97.1 %) in HCP. This gave a success difference of -6.4 % with a 1-sided 95 % lower confidence limit (LCI) for the difference = -13.3 % (non-inferiority p = 0.25). This difference fell within the predefined limit for non-inferiority. The average BPT for SCC was 1.9 h versus 10.9 in HCP (p \ 0.001). No serious adverse events were reported in either group. None of the patients in either group had any clinically significant electrolyte imbalance. Patient ratings for palatability and willingness to repeat were significantly better for SCC (p \ 0.05). Conclusion SCC was found to not be inferior to PEG with regards to the quality of bowel preparation. It is worth Presented at: ACG 2009-Presidential Poster Award Recipient, San Diego, CA. ACG 2010, San Antonio, TX.
Introduction
Colon cancer is the third most common cancer in the United States and is the second leading cause of cancer deaths [1] . Importantly, colon neoplasm is one of the most preventable cancers, and regular colonoscopy screening could prevent most deaths due to this cancer by early detection and removal of both cancer and precancerous polyps [2] . Despite this evidence, screening rates are disturbingly low. Nationally, only about 35 % of Americans aged 50 years and older have ever undergone colonoscopy [3] . From a patient perspective, several factors influence this low rate of screening, including low household income, lack of health insurance, being of Hispanic or Asian decent, limited access to care, and no physician recommendation to be screened [4] .
A quality colonoscopy examination remains as the gold standard for colorectal cancer screening [5, 6] . Although it is a valuable diagnostic tool, many eligible patients are intimidated by the idea of a colonoscopy. For those patients who are able and willing to undergo the colonoscopy procedure, colon cleansing is a major barrier to meticulous mucosal examination from rectum to cecum [7, 8] . Polyethylene glycol (PEG) based preps have been used as the major bowel preparation for colonoscopy in the United States. However, the total volume of intake, prep duration, and palatability continue to be major patient concerns. These factors influence patient acceptability and subsequently the preparation outcome [9, 10] . An ideal colon prep should be safe, effective, fast, palatable and economical. Additionally, it should have minimal dietary restrictions and should not interrupt sleep. To date, no single prep has been consistently superior for all groups of patients [11] . The search for an ideal prep continues.
The use of complementary and alternative medicine in the United States is on the rise [12, 13] The beneficial effects of alternative therapies on cardiovascular, neuroendocrine, and other systems have been reported [14] [15] [16] [17] [18] [19] . Thus we endeavored to apply the principles of mindful meditation in order to ascertain its effects in colonoscopy preparation. Bolus drinking of lukewarm saline with sequential posture changes is an alternative process that has been used for internal cleansing. We standardized this process as ''Shudh TM '' (suggested pronunciation-''should'') and compared with NuLytely Ò [20] . In addition to mindfulness, there are two active components in SCC: A-Bolus (8 oz/240 mL in 1-2 min) drinking of lukewarm normal saline and B-sequential posture changes (SPC) of mild intensity (metabolic equivalent value of three [21] ) with deep breathing.
Although it appears to be simplistic, the innovative aspect of SCC focuses on a bolus intake of saline solution in quick succession (every 4-5 min) rather than intermittent sipping (Fig. 1 ). It is theorized that a bolus intake versus intermittent sipping should lead to a larger amount of gastric emptying (first order kinetics-with a time to 50 % emptying of 8-18 min for isotonic, non-nutritive liquids [22] [23] [24] ).When two meals are taken within a few minutes, the gastric emptying of the second meal is faster than that of the first [22, 25] . The saline load is known to stimulate the gastro-colic reflex [26] . Simultaneously, the resultant high flow rate of isotonic solution in the intestine should allow minimal time for ionic exchange, leading to less absorption.
We propose a model that explains the plausible mechanism of action ( Fig. 2 ). Inputs from sensory sources are modified by cognition and effect, and then integrated in the central nervous system (CNS), autonomic nervous system (ANS) and enteric nervous system (ENS) with an outcome of effects on gastro-intestinal (GI) motility, secretion and blood flow [27] . In SCC, thinking to get clean (mindfulness), deep breathing (pulmonary stretch reflex) [28] , bolus drinking [23] [24] [25] of isotonic lukewarm saline [29, 30] , and SPC (mild intensity exercise [31] , gravity and posture [32] [33] [34] ) activate the CNS, parasympathetic component of ANS, and ENS. This leads to gastric receptive relaxation, gastro-colic reflex and increased GI motility. A detailed description of these mechanisms is beyond the scope of this article. It is however well known that psychological factors (stress and relaxation) do influence the gut physiology in irritable bowel syndrome [35] . It is reasonable to conclude that in SCC, concentration and relaxation (mindfulness) will have a positive role in bowel cleansing. Saline purgatives (magnesium sulfate and sodium chloride ions) are known to increase the motor activity of the small and large bowel, which could be secondary to the release of cholecystokinin-pancreozymin (CCK-PZ) [36] .
Our pilot study found that SCC was as effective as NuLytely Ò in colon preparation. Furthermore, it found that preparation could be achieved in 101 min with SCC [20] . The present study was conducted in order to compare SCC to HCP with regard to efficacy, bowel prep time, adverse events, electrolyte abnormalities and patient acceptability.
Methods
This was a randomized, single-center, single-blinded (to the endoscopists) and active-control study. Patients undergoing 
Study Design
Patients were randomized to receive either SCC or HCP using a computer generated random number list. The numbers were assigned consecutively by a research nurse when the appointment for colonoscopy was given. The same nurse, who was trained in SCC, explained the bowel preparation procedures to the patients and was available for any further questions. However, the patients were instructed to maintain the confidentiality of his/her bowel preparation assignment with all other office staff and the endoscopist. Weight and vital signs were recorded before and after the bowel preparation. Blood samples were collected at first visit and again after completion of the bowel preparation (prior to colonoscopy) to analyze serum levels of sodium, potassium, chloride, carbon-dioxide, blood urea nitrogen, creatinine and glucose (BMP).
After preparation but before colonoscopy, patients from both groups completed a symptom questionnaire where they rated (1-5 Liekert scale) solution palatability and willingness to repeat the preps. Patients in the SCC group were additionally asked to rate the ease of SPC. Adverse events were rated by both groups in the same questionnaire.
Study Materials and Medications
SCC (Shudh TM , Vikalp Inc., NY) package contained a 32-oz plastic pitcher and 9-gm salt sachets (Iodine-free table salt-USP grade sodium chloride) for preparation of 0.9 % saline (1 sachet in 32-oz lukewarm water (37.2-38.8°C or 99-102°F)), an instructional leaflet, and a DVD providing instructions of the bowel preparation process. Patients were instructed to fill the pitcher with 16-oz of hot water and 16-oz of room temperature water to reach the lukewarm temperature. Patients could add a twist of lemon if the solution was unpalatable to them. The HCP (HalfLytely Ò ) (Braintree Laboratories, MA) is a Food and Drug Administration approved bowel preparation before colonoscopy. It comes as a white powder for reconstitution containing 210 g of PEG-3350, 2.86 g of sodium bicarbonate, 5.6 g of sodium chloride, 0.74 g of potassium chloride and 1 gram of flavoring ingredient (optional) to be reconstituted in 2 L water and two bisacodyl delayed release tablets. Flavor Packs are available in Cherry, Lemon-Lime and Orange.
Preparation Instructions

Shudh TM Colon Cleanse (SCC)
The instructions for the SCC were provided in the DVD and explained by the research nurse onsite at the first visit. The DVD included dietary instructions and information on the relaxation process/meditation, how to prepare the solution, sequential posture changes and 'how to drink' in bolus form (Appendix A). Patients were instructed to view the DVD and practice the postures at least 1 day in advance to become familiar with the process. The instructions were also provided in the form of a leaflet.
One day prior to the colonoscopy, patients receiving the SCC were instructed to eat a light breakfast menu meal (e.g. toast, boiled or scrambled egg, cereal, oatmeal, milk, juice, tea, coffee) up to 12 p.m. After that, they were instructed to stay on clear liquids (water, apple juice, grape juice, Gatorade, clear broth, popsicles, Jell-O, and coffee or tea without milk or non-dairy creamer) until they went to bed. They were instructed to stay nil per os (NPO) after midnight. Patients were suggested to start the SCC around 6 a.m. on the morning of the colonoscopy and to drink their last glass of solution at least 2 h before the scheduled procedure as per American Society of Anesthesiologists (ASA) and American Society of Gastrointestinal Endoscopy (ASGE) guidelines [37, 38] . They were instructed to wear comfortable, loosefitting clothing, turn off phones and pagers, select a quiet environment with an available dedicated bathroom, and to relax. Patients were instructed to concentrate on the breath entering and leaving the nostrils, while thinking to get clean (turning the mind away from outside distractions and focusing inwards-mindful bowel cleansing).
Patients in the SCC group took a bolus intake of 8 oz. (240 mL) or 16 oz. (480 mL) of lukewarm saline water alternating with posture change and followed the steps until clear bowel movement (supplement 1).
HalfLytely Ò Colon Prep (HCP)
Patients in the HCP group followed the preparation method according to the manufacturer's standard instructions.
Patients were instructed to stay on clear liquids the entire day before the colonoscopy. Two tablets of bisacodyl delayed-release tablets with water were taken at around 1:00 p.m. Patients were instructed to start drinking the solution after a bowel movement or around 7 p.m. if no bowel activity occurred. They were instructed to sip all of the solution at a rate of 8 oz. every 10 min.
Outcome Measures
The primary endpoint was the ''success'' rate of the preparations, and the secondary end points were BPT, adverse events, electrolyte abnormalities and preparation acceptability. Preparation efficacy was evaluated by a single, blinded endoscopist (V.A.), who performed all of the colonoscopies. The evaluation involved the rating of six anatomical segments of the colon (rectum, sigmoid, descending colon, transverse colon, ascending colon and cecum) on the 5 point Arya Bowel Prep Scale (ABPS) ( Table 1 ). Aggregating the segmental scores resulted in overall scores. Grade A was defined as a total overall score of 19-24, grade B as a score of 13-18, grade C as a score of 7-12, and grade D as a score of 0-6. Grade A or B preparation was considered ''successes'', while grade C or D was considered ''failures.'' To assess the reliability of ABPS, we trained 4 gastroenterologists and 3 fellows with the description as well as the endoscopic images corresponding to the 5-point scale (0-4). Ten colonoscopy videos were randomly selected which had scores ranging from 12 to 24. These DVDs were then evaluated and scored Dig Dis Sci (2013) 58:2156-2166 2159 by them separately. The validation results for the 4 attending and 3 fellows were as follows: intraclass correlation = 0.73 (Inter-rater agreement). The same scale was used successfully in a pilot study [20] . We defined BPT as the time from starting the preparation medication until clear bowel movement instead of until leaving home as described by Jonas et al. [39, 40] . For the SCC group, the BPT started from the first drink, while in the HCP group, it started from pill intake.
Statistical Analysis
The non-inferiority of SCC was compared with HCP, with pre-specified margins. For prep quality, we estimated a success rate of 85 % in the HCP group [41] . The noninferiority margin was set at -15 %. This means SCC will be considered non-inferior if the difference in success rates (SCC minus HCP) is greater than -15 %. The -15 % margin of non-inferiority is identical to that used in 4 previously published randomized non-inferiority trials comparing various colon preps [42] [43] [44] . The study was designed to have 90 % power to establish non-inferiority when the two treatment groups are equivalent (i.e., the success rates are equal) using a one-tailed test at the 5 % significance level. The required sample size was 70 per group. For the primary outcome variable (or primary end-point), one-sided 95 % confidence interval (CI) and one sided p value against the non-inferiority margin were computed. For the secondary end points, superiority of SCC was compared with HCP.
Analysis of efficacy was carried out using the intentionto-treat (ITT) method. For the ITT analysis, all patients were included in the group that they were assigned to, irrespective of whether they completely followed the study instructions or took preparation doses. Since there was no data from those who cancelled colonoscopy, they were subsequently excluded. Secondary end points were analyzed using the Wilcoxon rank sum or Wilcoxon signed rank test as appropriate. The analysis was carried out using SAS 9.1 (SAS institute, Cary, North Carolina).
Results
Patient Disposition, Demographics, and Baseline Characteristics
Patient disposition is shown in Fig. 3 and baseline demographics are summarized in Table 2 . Out of the 445 patients screened, a total of 147 patients were randomized to receive the SCC (n = 74) and the HCP (n = 73). Subsequently, 9 patients in SCC and 5 patients in HCP cancelled their procedure for unknown reasons and were lost to follow up. Thus, the final analyses included 65 patients in SCC and 68 patients in HCP. Baseline demographics and characteristics were similar for the two groups.
Preparation Efficacy
The success rate in the SCC group was 90.7 % (59/65) and 97.1 % (66/68) in the HCP group, for a difference of -6.4 % ( Table 3 ). The lower bound for the one-tailed 95 % CI was -13.2 %, well above the -15 % margin of inferiority. The corresponding p value was p \ 0.019. Thus, SCC was judged to be non-inferior to HCP.
The mean total prep scores were similar in both groups (SCC 18.7 (±5.3 SD) vs. HCP 20.1 (±3.1), p = 0.23). It is well known that quality of bowel prep varies between segments and the total prep score can be misleading. Hence individual segmental analysis was also done which revealed that the segmental scores were not different in both groups except the rectum which was better in HCP (p \ 0.03) ( Table 4 ).
BPT and Prep Volume
The BPT for SCC was 1.25-4 h (average 1.9 h), while for HCP was 4-18 h (average 10.9 h). The patients in SCC drank an average of 2.7 L (range 1.2-4 L) as compared to 1.9 L in HCP (range 1.5-2 L). The evaluation involved the rating of six anatomical segments of the colon (rectum, sigmoid, descending colon, transverse colon, ascending colon and cecum) on a 5 point scale. Each segment receives a score of 0-4. The maximum ABPS score could be 24, representing an excellent prep. The minimum ABPS score could be 0, representing unpreped colon, unable to complete the procedure. Aggregating the segmental scores resulted in overall scores. Grade A was defined as a total overall score of 19-24, grade B as a score of 13-18, grade C as a score of 7-12, and grade D as a score of 0-6. Grade A or B preparation is considered ''successes,'' while grade C or D is considered ''failures''
Electrolyte and Weight Changes
Pre-and post-procedural electrolyte analysis is shown in Table 5 . A statistically significant decrease in weight was noticed in both groups, although minimal weight gain was also reported in few patients. In the SCC group, the results showed statistically significant elevations from baseline of serum sodium and chloride; and a decrease in bicarbonate and BUN. However, no clinical abnormalities were noticed in any of these patients. Moreover, a slight decrease in BUN indicated the hydrating nature of the SCC. An increase from baseline in sodium and decrease in bicarbonate and BUN of statistical significance was observed in patients in the HCP. However, none of these electrolyte changes resulted in clinical abnormalities.
Adverse Events
All patients in both groups well tolerated their respective bowel preparations. No patients reported serious adverse events. The common adverse events reported were nausea, vomiting, abdominal cramps, dizziness and headache. In both groups, nausea was the most commonly reported adverse event (25 patients in SCC and 28 patients in HCP).
Vomiting was reported significantly more in HCP (n = 12) versus the SCC (n = 3; p = 0.03). In SCC, one patient had transient swelling of extremities which relieved same day. Anxiety (n = 1), thirst (n = 1), burning below the breast bone (n = 1) and no bowel movement (n = 1) were also experienced in SCC patients. HCP patients experienced chills (n = 2), weakness (n = 2), hungry feeling (n = 1) and no bowel movement (n = 1).
Patient Acceptability
Forty-eight (73.9 %) of the 65 responders in the SCC group and 38 (55.9 %) of the 68 responders in the HCP group reported that the bowel prep solution was palatable (p value 0.03). Fifty-four (83.1 %) of the 65 responders in SCC group and 40 (58.8 %) of the 68 responders in the HCP group were willing to repeat their respective prep for their future colonoscopies (p value 0.002) ( Table 6 ). Sixty (98 %) of the 61 responders in the SCC group perceived that the posture changes were easy to perform.
Discussion
The results of this randomized study show that for colon cleansing, in healthy patients, SCC was at par with HCP. The major advantage of SCC was rapid cleansing (average 1.9 h). Hence SCC can be completed in the morning on the day of the procedure. Following is a typical case scenario:
A 50 year old healthy female was suggested to schedule her colonoscopy. Her medical history was completely unremarkable. After eating a regular breakfast menu meal up to 12 noon, she stayed on clear liquids, completed routine work with no disturbances and had a good night's sleep. She woke up at 6 a.m., performed SCC, finished drinking by 7 a.m. and had a clear bowel movement by 8 a.m.. The colonoscopy procedure was performed at 10 a.m. and she was discharged home at 11 a.m.. The total time she spent on bowel prep was only 2 h. She was highly satisfied with the whole process of colonoscopy prep and the procedure.
The morning only timing of bowel prep provided better quality of sleep, less work disturbance and higher overall satisfaction. The currently available morning only preps are good for afternoon colonoscopies because it takes about 8 h to complete the prep [42] . For day before colonoscopy preps, Jonas et al. [39, 40] reported an average bowel preparation time of 16.5 h. We have demonstrated that healthy patients, who are willing to try alternative method, can achieve bowel prep in 2 h and can undergo early morning colonoscopy. This is only possible with SCC and not with any other currently available colonoscopy preps. For all bowel preps, dietary restriction and fasting are two necessary adjuncts. The dietary restriction reduces the amount of solid excreta while the fasting clears the small bowel of all nutrients. Nutrients in the small bowel delay gastric emptying through release of PYY and this is known as ileal break [45] . Theoretically a fasting period of 6-8 h before starting prep solution will remove ileal break as a hindrance in the success of bowel prep. The presence of nutrients also facilitates absorption of salt and water from the duodenum and jejunum. In SCC, patients fasted for a minimum of 6 h before beginning bolus saline lavage. Without fasting, the enhanced absorption of salt and water would lead to over-hydration and a lesser amount of saline solution would reach the colon, resulting in ineffective prep. In general, for all day before PEG based bowel preps, there is no period of fasting and patients are allowed to drink high calorie liquids until they start drinking the prep solution. We think that fasting in conjunction with dietary restriction could improve the outcome of PEG based preps also.
Anecdotally, patients reported that posture changes helped them to drink the saline solution faster. This could be explained by posture related change in gastric configuration and resultant faster emptying. The mild intensity exercises have been reported to facilitate colon prep [46] .
An ideal prep requires the shortest possible dietary restriction time. In most currently available preps, patients are required to stay on clear liquids for the whole day before colonoscopy. But in SCC, patients are allowed to eat breakfast menu meal until noon.
For the best colon prep results, especially in the right colon, the interval between the prep and procedure should be short [47, 48] . Hence the bowel preparation process needs to be started depending on the scheduled time of colonoscopy [49] . We recommend starting SCC 4-6 h prior to the scheduled appointment.
Nausea was the most commonly reported adverse event in both groups. The incidence of all adverse events was similar in both groups, except for vomiting which was more common in HCP. This can be explained by PEG induced increase in gastric emptying time [50] . The lower incidence of vomiting in SCC could be due to fasting, morning only timing of the bowel prep, and faster gastric emptying in this process. Although not statistically significant, hunger cramps were also less frequently reported in the SCC. It is well known that quality of bowel prep varies between segments and the total prep score can be misleading. Hence individual segmental analysis was also done which revealed that the segmental scores were not different in both groups except the rectum which was better in HCP (p value 0.03) High-volume (9-13 L) balanced electrolyte solutions (BES)/Normal saline have been successfully used for gut lavage (25-30 mL per minute infusion via nasogastric tube for 4-6 h) without causing significant electrolyte imbalance or cardiopulmonary side effects in healthy individuals [51] [52] [53] [54] . These solutions may cause deleterious fluid and electrolyte shifts in the elderly and in patients with compromised heart, liver and kidney function. The landmark study by Davis et al. [55] , reported that PEG is associated with minimal water and ionic exchange, hence it will be appropriate for patients who cannot readily excrete salt and water load.
In the present study, electrolyte abnormalities of no clinical significance were reported in both groups. In SCC, normal saline was used in low volume (average 2.7 L) with bolus intake. The patients drank 240-480 mL in 60-120 s, almost at a ten times faster rate than the previous studies with BES/normal saline [51] [52] [53] [54] .
We presume mild hypernatremia, hyperchloremia, low bicarbonate and low BUN values within 6 h of bowel preparation in SCC, representing the absorbed salt and water before homeostatic mechanisms came into effect. There is little cause for concern about weight gain, fluid absorption or electrolyte imbalance in healthy patients using the SCC, especially as the solution exits the body so quickly.
The patient acceptance has been reported low for PEG based preps due to poor palatability and our study corroborates the same. A healthy person with intact homeostatic mechanisms may skip the unpleasant experience with PEG and use SCC. BPT is a potential barrier and constitutes major cost to colonoscopy procedure. One-third of working patients who undergo midweek colonoscopies miss work on additional days in anticipation of the bowel preparation [56] . SCC is an ultra-short duration process for bowel prep with least disturbance to a person's daily routine. In a cost effectiveness analysis, it can be translated into less loss of productivity. Although previous studies have reported bowel preparation efficacies in the range of 75-80 %, more recent studies [42] [43] [44] 57] , including our own, have achieved successes of [90 %. A younger patient population with no comorbidities may have contributed to our higher success rate.
Limitations
One limitation of our prep method was that nearly 70 % of subjects were deemed ineligible due to-unwillingness to do Yoga, difficulty with movement (m/s disorders, arthritis, age [70) or exposure to saline (hypertension). Given the nearly 14 million colonoscopies performed in the US each year, even if only 30 % of subjects could utilize our prep, the potential advantage of requiring a shorter bowel prep time would be clinically significant. Furthermore, patient acceptance may be [30 % in different demographics.
Conclusion
This study demonstrates that colonoscopy prep can be achieved using bolus lukewarm saline combined with sequential posture change. Due to the shorter BPT (average 1.9 h) with Shudh colon cleanse (SCC), both prep and procedure can be done on the same day.
